Relation between left ventricular systolic resistance and contractile rate processes.
To test the hypothesis that left ventricular (LV) systolic resistance is determined by the intrinsic rate processes of the contractile system, we studied 40 spontaneously hypertensive male rats (SHR). Thyroid hormone manipulation was used to alter isomyosin composition and consequently the rate processes of the contractile system. Seven groups of rats were studied: control (SHRC, n = 9); propylthiouracil (PTU) treated for 10 days (SHRP-10, n = 5), 20 days (SHRP-20, n = 5), and 30 days (SHRP-30, n = 6); and thyroxine treated for 5 days (SHRT-05, n = 5), 10 days (SHRT-10, n = 5), and 15 days (SHRT-15, n = 5). In situ (n = 40) and isolated (n = 14; 5 SHRP-30, 5 SHRC, and 4 SHRT-15) heart experiments were performed. In comparison to SHRC, we observed the following: 1) LV pump performance was not different in any of the thyroxine-treated groups, whereas with PTU, pump performance was significantly depressed in rats with greater than 80% slow myosin. 2) Normalized LV peak elastance (Emaxn) was significantly increased in the SHRP-30, whereas it was not altered after thyroxine. These observations were further confirmed in the isolated heart on the basis of peak isovolumetric stress-strain relations. 3) Thyroxine increased and PTU decreased theoretical maximum flow (Qmax; a measure of LV resistance); thus an inverse relation between Qmax and percent slow myosin was observed (r2 = 0.86). 4) The time to peak isovolumetric pressure was increased in SHRP-30 and decreased in SHRT-15. The relaxation process was significantly slower for SHRP-30 group and was unchanged for SHRT-15 group. These observations support our hypothesis that LV systolic resistance quantifies an intrinsic rate-dependent property of the myocardium and that isomyosin composition is one of its determinants. In addition, with changes in isomyosin composition toward predominantly slow myosin, the responses in Emaxn and Qmax are discordant, which may be responsible for the preservation of pump performance. This underscores the importance of quantifying both LV systolic resistance and elastance in the assessment of the functional status of the LV as a mechanical pump.